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| ntroduction: A,C., and their superconductivity

L DA Electronic structure _
BCS SC : Coupling of eectrons with molecular phonons
Electronic correlations? Study Other stochiometries!

Electronic correlations and Jahn Teler distorsions
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Electronic interactions mediated by JTD
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Low T charge segregation

Expanded magnetic compounds and Cs,C,, phases
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sc and fcc phases of fullerides
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Electronic structure of doped fullerides
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Super conductivity in A;Cg,
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Difference between Na,AC,, and the other A,Cq,
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Yildirim et al. MRS proceedings 359 273 (1995).
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013_} 139 Y41 143 145 147 - Different variation of n(Eg) ?
a (A) - Alkali plays arole after all ?
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The anomalous properties of A,C,, compounds
t,, band

Electronic doping of

Ké%% M triply degeneratet,, orbitals
Z %A /_M/ All compounds with n<6 should be metallic.
RaCeo. But...

- Crystalline symmetry depends on doping level.
K Ceo : X =4 : Insulator ( bct)

)\ K4Cego, G.Zimmer EPL 1994, V. Brouet PRB 2002.

%

C ‘ ' X =3 : Superconductor (fcc, cubic)
60
% % )\ X = 2 : Insulator (cubic)
T T Na,Cgp, F. Rachdi PRB 1997, V. Brouet PRL 2001, PRB 2002.

X = 1 : Metal-Insulator transition
: polymer-Cs,Cgq, V. Brouet PRL 1996, B. Simovic Synth. Met. 1999.
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NMR study of the pressure induced Mott transition to
super conductivity in the two phases of Cs,Cg,

| ntroduction: A,C., and their superconductivity

« LDA Electronic structure _
« BCS SC: Coupling of electrons with molecular phonons
 Electronic correlations? Study Other stochiometries!

Electronic correlations and Jahn Teler distorsions <:

. Na,Cq, and A,Cy, : Mott Jahn-Teller insulators
Electronic interactions mediated by JTD

« A, C, Mott insulator?
Low T charge segregation

Expanded magnetic compounds and Cs,C,, phases

« AF phasesfor largelattice spacings

* Magnetism in A15 and fcc phases of Cs,Cq,
. Pressur e induced super conductivity

_Conclusion: phase diagram for the A;C,, phases
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Electronic properties of A,C, (bct) and Na,Cg, (cubic)

Optical conductivity o extracted by EELS NMR 1/T,
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Stabilization of the singlets

Why singlets? Two electrons on a ball costs an energy U
So there is an energy gain which opposesto U

For acharged molecule a5 ‘ﬁ\;l\
The degeneracy of thet,, level \Sx 228

is lifted by aJahn Teller digartion =
The Jahn-Teller splitting g%

of thet,, leve o

dependsonthe Cg, charge| ¢  —
1

u vV IV
Manini, Tosatti PRB94 % vy
n=0 n=1 n=2 n=3 n=4 n=5 n=6
ATriaNGLe  The larger gain per electron isfor n=2 or 4 L S
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Strong electronic correlationsinduce the insulating behaviour

In al A, Cg, the coulomb repulsion U islarge

The Jahn-Teller distortion adds a contribution U to U
Yields a S=0 ground state rather than S=1for n=2 or 4

|r}sulators
\
Uett 2| S U addsto U for evenn
T AnCeo Mott Jahn-Teller insulators
.|
] U reduces U for odd n
0
T~
‘ — metals

N Effective eectronic interactions
M. Héritier, W. Victoroff - : :
0. Gunnarson mediated by Jahn-Teller distortions
M. Fabrizio, E. Tosatti I
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Insulating states of A,Cg, and Na,Cg, -

(Fabrizio, Tosatti PRB97) I

t u
Experimental situation 1 > A :FA:
- Non magnetic ground state 5
- 2 different gaps 7 . JTD1 JTD2

. L

- Hund’sruleisnot obeyed in the fundamental JTD1 state
- Excited stateistriplet and correspondsto a different JTD2
- NMR detects the Singlet Triplet excitation o
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The special case of the cubic phase of CsC,
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Both NMR and ESR indicate a .
| | with SS1/2 and 6<5K
paramagnetic Curie law for fcc ACy, Strong corralations

for A;Cyaswell ?

So CsCy, Isa Mott insulator
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Evidence for charge segregation: singlet states

NS far from
singlets

138Cs S ——> Cspeighborsof one localized Cg >

120K

/ 2S ——> Csneighborsof two localized Cg*
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Comparison of CSNMR in QC- CsC,and HT- CsC,,
Very different from HT

. cubic phase
S (and 2S) sense atransition from a P
local non-magnetic ground state ... towards an
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NMR study of the pressure induced Mott transition to
super conductivity in the two phases of Cs,Cg,

| ntroduction: A,C., and their superconductivity

« LDA Electronic structure _
« BCS SC: Coupling of electrons with molecular phonons
 Electronic correlations? Study Other stochiometries!

Electronic correlations and Jahn Teler distorsions

. Na,Cq, and A,Cy, : Mott Jahn-Teller insulators
Electronic interactions mediated by JTD

« A, C, Mott insulator?
Low T charge segregation
Expanded magnetic compounds and Cs,C,, phases <:

« AF phasesfor largelattice spacings

* Magnetism in A15 and fcc phases of Cs,Cq,
. Pressur e induced super conductivity

_Conclusion: phase diagram for the A;C,, phases
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Super conductivity in A;Cg,
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Metal-insulator transition in expanded A;Cg,

lwasa et al. 80 L (NH JKRb.C,
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Al5 Cs;Cq, pressureinduced superconductivity
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A15 CSSCGO 133Cs 1=7/2 ~

A single Cssite
with non cubic

Multiple phasesin the samples. 133CsNM

R isvery helpful

Eliminated by its very long T, FCC
Cs,Cop: 29.5%

Differences allow selective NM R experiments
H. Alloul, Santa Barbara, 12/02/2010
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_ o fcc Cs,C,,
Well known: two Cs sites s | T |
OandT=1:2 ﬁ O
With cubic local symmetry O
T splitsat low T = | .
Merohedral disorder of the Cy, 4773 47.79 47 85
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Paramagnetic state susceptibility
(30.9% Cs,C,, FCC, 53.6% Cs,C,, A15, 15.5% Cs,Cy,)
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High T Curie-Weiss behavior

Weisstemperature: @~ 100 K YL = P2l 3K (T+ )
Effectivemoment :  pg~ 1.70 45

L ocal moment S~ 1/2 on the C, balls?

| TRIANGLE | PS

PHYSIQUE

H. Alloul, Santa Barbara, 12/02/2010 ORSAY



Paramagnetic state susceptibility

13C NMR
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K= A % Calculated value :
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Here A isdipolar A, ~ 700 O€lug

A= 640 Oelug
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Magnetic transition in A15 phase

A15-rich sample
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Spectral broadening :

static internal magnetic field.

A15 phase shows magnetic order
below T, = 47 K at ambient p.

48.2

A 4

Takabaya

H. Alloul, Santa Barbara, 12/02/2010

|PS

ORS A
o



Magnetism and crystal structure

A15 rich 13C and 133Cs NMR intensities fccrich
v
“ <> OO & 1 \ VA v
g 133Cg O <’ fé’ o v \V4 \Y
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o O Q 133Cs v \
T . 1 T Al5 |
13 h 4
L—_ ¢ C | zyv 13C
0 20 40 60 0 20 40 60
T (K) T (K)
T =4A7K Gradual freezing
\ About 10K ?
Geometrical frustration depressesthe magnetic ordering
(fcc not bipartite)
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Spin dynamics and crystal structure

Both phases

IB3CsNMR T, Enhanced magnetic fluctuations
in the paramagnetic state.
| ! |
A15 phase Cs,C,, ~ CsNMR
magnetic gap oo L p =1 bar i
A~50K . ¢ A1l5 phase
i v fcc phase T site
FI,¥ ® fcc phase O site
7p]
fcc phase —
No magnetic gap. - v vey, ¥
Still some slow dynamics & e v,
below 10K. - « 7 "
o
O site has twice smaller coupling ‘o g ° oo oo o
constant than that for T site. 00 | . |
0 100 150 200
. T (K)
Ordered versus frustrated magnetism
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AC -y (arb. units)

Pressur e induced superconductivity
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Phase diagrams

60 | | 60 1 I 1 I T I T
Insulator —— Takabayashi et al.
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Mott transitionsto the metallic state in the A15 phase
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Super conductivity
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Summary

Fulleride compounds ar e peculiar correlated electron systems
Originalities asociated with their nanostructure
| cosaedric symmetry of the soccer ball.
Orientational disorder
|nternal degrees of freedom of the molecule:
Phonons, Molecular Jahn-Teller distorsions
They display many effectsdriven by correlations
Static charge segregation in Cs,C,, .
High Tc superconductivity near aMIT (Cs,Cy,)
Molecular excitationssurvivein the solid.

Those are strongly influenced by molecular Jahn Teller effects
Favor singlet formation in Cs,Cg,
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Jahn Teller Mott insulating statesin K ,Cg, or Na,Cg, ..f-f"@’g“‘j-w
Jahn-Téeller effects explain why electronic correlations appear f;;”?? ﬁ;{}a}
smaller in A;Cy, but remain sizable as Cs,C, is magnetic &l r/f?/

Excellent possibility to study multiorbital M ott transitions
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